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Power industry transformation

Main Drivers:
v" California RPS
v GHG reduction

v Once-through-Cooled
plants retirement

Solar Thermal / Photo Voltaic REeEEE

* 4768 MW Peak — April 12, 2014
« 6087 MW Installed Capacity

* 8,545 MW Peak — September 14, v" Higher expectation of
2016* reliability
* 8,843 MW Installed Capacity v Higher expectation of
security
L, .
Roof Top Solar Smart Grid
| . : : v' Situati
* Behind the meter — Residential i\l:/l;?gr?gi through
* 4,600 MW Estimated Capacity Visualization
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5,000 MW of additional transmission-connected
renewables by 2020 (predominately Solar PV)
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38,000 ,junSpecjﬂed 50% RPS**
36,000 L1 Solar Thermal
34,000 5 Solar PV
E 32,000 M Wind
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2,000
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Y (IOU data through 2017 and RPS Calculator data 2018 — 2020)

(Existing generation)

*All online resources that are not in test mode are included in the 2016 YTD amounts, including those yet to achieve full
commercial operation.
**Approximate
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Behind the meter solar PV build-out through 2021

Estimated Behind the Meter Solar PV Build-outthrough 2021

12,000
10,000
8,000
S 6,000
4,000

2,000 |||

0 2015 2016 2017 2018 2019 2020 2021
BTM Solar PV 3,695 4,903 5,976 7,054 8,146 9,309 10,385
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Oversupply and ramping: A new challenge as more
renewables are integrated into the grid

* |SO has already seen the need to
curtail generation

Typical Spring Day

* Oversupply may lead to
curtailment because of dispatch
limitations on some resources,

28,000

26,000

— such as
S o geothermal
o nhuclear
§ / o small hydro
§> 18,000 \ N\ o combined heat and power

16,000 ramp need * Operational requirements include
~13,000 MW -
14,000 in three hours o minimum gas necessary to

provide ramping
o ». necessary ancillary services
o - load following

12,000
over generohon

10,000 risk

12am  3am  éam 9am 1 2pr|:|

Hour

Actual 3-hour ramp
12,960 MW on
December 18, 2016
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TRACKING ROOF TOP SOLAR
INFORMATION
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Behind the Meter Solar; Where and How Much?

 In California Publicly Owned Utilities are required, under
Senate Bill 1, to report on the progress of their solar
Incentive program to the California Energy Commission
on a yearly basis.

« California Solar Statistics publishes all Investor Owned
Utilities solar PV net energy metering interconnection
data per CPUC decision (D.)14-11-001, and all IOU data
from the California Solar Initiative program per California
Senate Bill 1 (SB-1).

Websites:
— http://www.californiadgstats.ca.gov/
— https://www.californiasolarstatistics.ca.qgov/data_downloads/
— http://lwww.enerqgy.ca.gov/sbl/pou_reports/index.html
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Current Statistics and Charts: Solar PV

Data Current Through 2016-07-31

Statistics and Charts: Solar PV

Data Current Through 2016-07-31

DataView: alious ~ Data Type: czpac ity (MW) v Sector: anl v Time Series:  allvesrs v

Territory and Location Capacity*
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« http://www.californiadgstats.ca.gov/charts/
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Example: Net Energy Meter Information Report

B HEH S s NEM_CurrentlylnterconnectedDataset_2016-07-31 [Read-Only] - Bxcel ? @ - x
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS PIAF Builder Motley, Amber ~ 1
o e B BwepTed i [roma Bad Geod Neutrl @ B W é S &
B Copy ~ - ill -
Paste % Fn::at painter == ElMege&Center - § - % v G Fc;:ﬂ::mn;lv F:r:;laetvas Explanatory ... Note <] sert Delee Formar im,&: 51;‘:;3
Clipboard & Font Alignment & Number & Styles Cells Editing ~
L4 - A
A B C D E F G H 1 K L M N o] P Q R 5 T u E
1 |Applicatic Matched (Utility ~ Service City Service Zip Service County Technalog System Size DC System Size AC Tilt Azimuth Mounting Tracking Customer Sector ~ App Received Di App Complete Date App Approved Date Self Instal Installer N Installer P Installer CIns?
2 |PGE-INT-10 PGE Fairfax 94330 Marin Solar PV 2.544 2.39136 Residential 8/5/2002 8/8/2002 8/21/2002 Cooperati 415-256-1 San Rafae CA
3 |PGE-INT-100 PGE Berkeley 94707 Alameda Solar PV 4.032 3.66912 Residential 8/29/2002 11/1/2002 11/15/2002 Sun Light 1510-845-2! Berkeley CA
4 | PGE-INT-1000 PGE Corte Madera 94925 Marin Solar PV 2.64 2.4816 Residential 3/18/2003 4/3/2003 4/11/2003 Sun First | 415-383-7: Muir Beac CA
5 |PGE-INT-10000 PGE Campbell 95008 Santa Clara Solar PV 3.44 Residential 7/18/2001 Delta Electric SanJose CA
© PGE-INT-1PGE-CSI-5 PGE El Dorado Hills 95762 El Dorado Solar PV 17.7826 17.160209 Residential 5/1/2013 5/1/2013 5/16/2013 Apex Sola 916-878-7 El Dorado CA
7 |PGE-INT-1PGE-CSI-5 PGE Marysville 95901 Yuba Solar PV 18.174 17.44704 Commercial 10/30/2012 12/13/2012 12/19/2012 All Solar E 530-671-6" Yuba City CA
8 | PGE-INT-1PGE-CSI-5 PGE Kerman 93630 Fresna Solar PV 511.872 499.0752 Industrial 10/25/2012 12/26/2012 12/28/2012 SPG Solar, 707-781-1t Petaluma CA
9 PGE-INT-1PGE-CSI-5 PGE Sanger 93657 Fresno Solar PV 511.872 499.0752 Industrial 10/25/2012 2/1/2013 2/19/2013 SPG Solar, 707-781-1 Petaluma CA
10 PGE-INT-1PGE-CSI-5 PGE Manteca 95336 San Joaquin Solar PV 5.5488 5.299104 Residential 11/8/2012 11/8/2012 11/20/2012 1st Light E 209-824-5! Modesto CA
11 PGE-INT-1PGE-CSI-5 PGE Shingle Springs 95682 El Dorado Solar PV 12.5216 12.020736 Residential 11/29/2012 11/29/2012 12/10/2012 FLOWLINE 916-383-7!: SACRAME CA
12 PGE-INT-10001 PGE Davis 95616 Yolo Solar PV 2,15 Residential 7/10/2001
13 |PGE-INT-1 PGE-CSI-5 PGE San Jose 95112 Santa Clara Solar PV 2.3903 2.2827365 Residential 11/30/2012 12/6/2012 12/12/2012 REC Solar, 805-528-9" San Luis O CA
14 |PGE-INT-1 PGE-CSI-5 PGE Rocklin 95765 Placer Solar PV 2.4684 2.369664 ) Residential 11/7/2012 11/7/2012 11/28/2012 Paramount Energy Solutions, LICA
15 PGE-INT-1PGE-CSI-5 PGE Caruthers 93609 Fresno Solar PV 25.3176 24.178308 Residential 11/21/2012 1/22/2013 1/29/2013 Sol-Tek In 553-325-6: Clovis CA
16 |PGE-INT-1 PGE-CSI-5 PGE Dinuba 93618 Tulare solar PV 7.2336 6.944256 Residential 3/1/2013 3/1/2013 3/27/2013 Band D Qi559-275-0:Fresno  CA
17 |PGE-INT-100015 PGE San Jose 95131 Santa Clara Solar PV 67.662 64.61721 Commercial 4/24/2013 8/30/2013 9/13/2013 syang@ce 949-232-8: Carlsbad CA
18 |PGE-INT-100016 PGE Paso Robles 93446 San Luis Obispo Solar PV 2.793 2.695245 Residential 8/8/2013 9/12/2013 9/16/2013 Canaday E 805-674-4170
19 PGE-INT-1PGE-CSI-5 PGE Orland 95963 Glenn Solar PV 177.7664 169.766912 Commercial 11/19/2012 12/18/2012 1/10/2013 Integratec415-559-3tNovato  CA
20 | PGE-INT-1PGE-CSI-5 PGE arland 95963 Glenn solar PV 470.2208 456.114176 Industrial 11/19/2012 3/4/2013 3/20/2013 415-559-310rland ~ CA
21 | PGE-INT-1PGE-CSI-5 PGE Foster City 94404 San Mateo Solar PV 2.115 2.0304 Residential 10/26/2012 10/26/2012 11/5/2012 Horizon E1408-975-0: Los Gatos CA
22 PGE-INT-10002 PGE Healdsburg 95448 Sonoma Solar PV 7.5678 7.062906 Residential 1/12/2011 2/9/2011 7/24/2001 Kruetzfelc 707-237-7: Santa Rosi CA
23 PGE-INT-1PGE-CSI-5 PGE South San Francisco 94080 San Mateo Solar PV 289.98 282.7305 Commercial 4/14/2013 7/5/2013 7/18/2013 BAP Powe 760-603-1' Carlsbad CA
24 |PGE-INT-1PGE-CSI-5 PGE Manteca 95336 San Joaquin Solar PV 5.4252 5.235318 Residential 3/4/2013 3/29/2013 4/5/2013 Real Gooc 303-222-8: Louisville CO|
25 PGE-INT-1PGE-CSI-5 PGE Woodland 95695 Yolo Solar PV 13.038 12.45129 Residential 11/16/2012 2/19/2013 3/1/2013 REC Solar, Inc. San Luis OCA
26 | PGE-INT-1PGE-CSI-5 PGE Tracy 95304 5an Joaquin Solar PV 17.3118 16.532769 Commercial 5/1/2013 5/1/2013 5/8/2013 1stLight E 209-824-5!Modesto CA
27 | PGE-INT-1PGE-CSI-5 PGE Davis 95616 Yolo Solar PV 3.0422 2.920512 Residential 11/5/2012 11/8/2012 11/16/2012 REC Solar, Inc. San Luis OCA
28 PGE-INT-1PGE-CSI-5 PGE Bakersfield 93311 Kern Solar PV 7.2039 6.915744 Residential 11/28/2012 2/11/2013 2/14/2013 JOLLIFF EN661-377-5! BAKERSFIECA
29 PGE-INT-1PGE-CSI-5 PGE Berkeley 94710 Alameda Solar PV 29.007 27.411615 Commercial 10/23/2012 4/3/2013 4/11/2013 Extra Spac 209-824-5! Salt Lake (UT
30 PGE-INT-10003 PGE Fresno 93704 Fresno Solar v 7.74 Residential 10/9/2001 National Builders Su Farmersvi CA
31 |PGE-INT-1PGE-CSI-5 PGE Gilray 95020 Santa Clara Solar PV 7.2336 6.944256 Residential 3/12/2013 3/12/2013 3/22/2013 Clean Solz408-217-8:San Jose CA
32 PGE-INT-1PGE-CSI-5 PGE Sutter Creek 95685 Amador Solar PV 5.0664 4.93974 Residential 11/14/2012 11/14/2012 11/29/2012 Dollens El 209-772-7: Valley SprCA
33 PGE-INT-1PGE-CSI-5 PGE Brentwood 94513 Contra Costa Solar PV 3.8592 3.743424 Residential 10/26/2012 10/26/2012 11/13/2012 RODDA EL 925-240-6| BRENTWC CA
34 |PGE-INT-1PGE-CSI-5 PGE San Ramon 94583 Contra Costa  Solar PV 7.2336 6.944256 Residential 12/17/2012 1/25/2013 2/1/2013 Clean Solz408-217-8:San Jose CA
35 PGE-INT-1PGE-CSI-5 PGE Cameron Park 95682 El Dorado Solar PV 5.2152 4.980516 Residential 12/4f2012 1/2/2013 1/4/2013 REC Solar, Inc. San Luis OCA
36 | PGE-INT-1PGE-CSI-5 PGE Ccarmel 93923 Monterey Solar PV 16.992 16.31232 Residential 11/15/2012 1/16/2013 1/24/2013 self Installer
37 |PGE-INT-1PGE-CSI-5 PGE Oakland 94609 Alameda Solar PV 52745 50.6352 Commercial 11/25/2013 5/7/2014 6/17/2014 SunPower 512-735-0; Richmond CA | 5
NEM_CurrentlylnterconnectedData [ [r]

http://www.californiadgstats.ca.gov/downloads/

&> California 1SO

Page 10



http://www.californiadgstats.ca.gov/downloads/

4 8 4 & 0 & 0 0 2 } J |} | . : ! ! I N N N U N NN NN RN NN NN NN NN AN REN AN R N NN AN AN N . !
EEEEEENE . . e p—— 111111
s .

=

.

- . -

=

MONITORING

&> California ISO



Why Does Cloud Cover Play a Bigger Role in Load
Forecasting now?

 Before:

— Cloud cover was fully inter-related to temperatures.
— Clouds come over = Temperatures Reduce
* Now:

— Clouds Come Over = Temperatures Reduce = Load
Increases

 Note:

— We are finding in this summer’s operations with approximately 5,000 MWs of
BTM Solar that there is a temperature that occurs where the effect of the clouds

coming over does not raise the forecast but still lowers it like it did prior to BTM
Solar.
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Estimated Percentage of Behind the Meter Solar
compared to Total Load

_______lAeal __|Area2 __|Area3 ___|CAISOTota

April-2016 14% 7% 19% 11%
May-2016 11% 8% 22% 11%
June-2016 10% 5% 15% 8%
July-2016 10% 5% 15% 8%
August-2016 12% 6% 16% 9%
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Area 1 2016

Weekend Effect:
Sunny Vs. Cloudy

Date Day of Week Temp
12% drop 7-May  Saturday  55/65
in load
9-Apr Saturday 58/64
30-Apr Saturday 55/79
16-Apr Saturday 49/80
1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24
= C 7-May C 9-Apr e===S 30-Apr e=-S 16-Apr
Weekday Effect:
Sunny vs Cloudy
8% drop

in load Date Day of Week  Temp
Y 28-Apr Thursday 50/73
5-May Thursday 57/68

1 2 3 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24

=S 4/28/2016 ====C 5/5/2016

&> California 1SO
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Cloudy
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Sunny
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Area 2 2016

Friday Effect:
Sunny vs. Cloudy

l Date Day of Week Temp
11% drop 1-Apr Friday 50/77
in load
8-Apr Friday 58/62
1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24
—=——14/1/2016 ====4/8/2016
Weekday (M-Th) Effect:
Sunny vs. Cloudy
l Date Day of Week Temp
11% drop
in load 23-Mar ~ Wednesday 52/75
7-Apr Thursday 63/70

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24

S 3/23/2016 ====C 4/7/2016
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Area 3 2016

Weekday Effect:
Sunny vs. Cloudy

Sunny or
Cloudy?

23-Mar ~ Wednesday 40/73 Sunny

Date Day of Week Temp

15% drop

in load 24-Mar Thursday 4277 Sunny

Cloudy (but

7-Apr Thursday 58/64 not in AM)

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24

S 3/24/2016 === C 4/7/2016 =S 23-Mar
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September 19", 2016 — Real Time

Satellite

Visible Satellite for Southwest US

£

90 = wAE
GOES VISIBLE SATELLITE
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September 19t

Burbank, CA

Current time: Mon, 19 Sep 2:54 pm PDT
Most Recent Observation:Mon, 19 Sep 2:40 pm
Explanation of Wx and Clouds columns.

2016 Temperature

LA, CA (CQT)

Time Temp. Dew Relative Wind  'Wind VisibilityWx Clouds
PointHumidityDirection Speed
(FOT) m M (%) (mph} (miles)
19 Sep240pm 84 46 27 10 10.00 FEW100 SCT120
10 Sep 235 pm 84 45 25 ESE g 10.00 CLR
19 Sep 230 pm 84 45 25 SSE 13 10.00 CLR
10 Sep 2:25pm 82 48 D SE 14 10.00 CLR
19 Sep220pm 82 50 33 SSE 16 10.00 CLR
180 Sep 2:15pm 84 50 31 SSE 18 10.00 CLR
19 Sep210pm 88 46 24 SSE 17 10.00 FEWO36
10 Sep 205 pm 88 43 21 SSE 16 10.00 FEWO3T FEWO0S0
19 Sep 200 pm 90 43 20 8 13 10.00 FEWO37 FEWOS0
10 Sep 155 pm 91 43 19 S 14 10.00 FEWO3T FEWO0S0
19 Sep 153 pm 92 48 21 SSE 13520 1000 -RAFEWO3T FEWOS0
10 Sep 1:50pm 91 48 23 SSE 14 10.00 -RAFEWD37 FEWO50
19 Sep 145pm 91 52 26 SSE 0 1000 -RAFEWO37 SCTO50 SCTOE0
10 Sep 1:.40pm 93 47 20 SSE 10 10.00 FEWOS0 FEWOGD
19 Sep 1:35pm 93 47 20 SSE 0 10.00 CLR
10 Sep 1:30pm 93 47 20 8 10 10.00 CLR
19 Sep 125 pm 93 48 22 SSE 10 10.00 CLR
189 Sep 1:20pm 93 50 23 SBE 12 10.00 CLR
19 Sep 1:15pm 93 50 23 SE 8 10.00 CLR
18 Sep 1:10pm 93 52 25 SSE g 10.00 CLR
19 Sep 105 pm 93 52 25 SSE 0 10.00 CLR
18 Sep 1:00pm 93 50 23 S g 10.00 CLR
Temperature, Dew Point & Humiditw
Click and drag in the plot area to Reset zoom
100
90
B0
= 70
B0
50
40
83:00 AM 4:00 PM 20. Sep

(Click to hide)
— Temperature = Dewpoint — Rel Humidity
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Weather Conditions for:

Los Angeles / USC Campus Downtown, CA. KCQT (NWS/FAA
Elev: 175 ft; Latitude: 34 023585; Longitude: -118.25122

Current time Mon, 19 Sep 305 pm PDT
Most Recent Observation-Mon, 19 Sep 2:47 pm

Explanation of Wx and Clouds columns.
Time Temp. Dew Relative Wind  Wind Visibility W Clouds 5
PointHumidityDirectionSpeed F
(PDT) m o (m (%) (mph} (miles)
10 Sep 2:47 pm T3 64 73 NME 3 5.00 FEWOS50 SCT100 BKN120
10 Sep 147 pm 80 &1 52 WRBL & 10.00 -RAFEWDO39
109 Sep 1247 pm 84 57 40 WRBL 3 10.00 CLR
10 Sep 11:47 am 85 58 40 WRBL 3 10.00 CLR
10 Sep 10:47am 78 63 60 WVRBL &
10 Sepo47am 73 63 71 WVRBL 3
10 Sep&4Tam T4 82 67 CALM
19 Sep 7:47am &7 62 84 CALM
10 Sep7:20am 64 62 93 WVRBL &
10 Sep 7:17Tam 64 62 093 CALM
10 Sep&:56am 63 62 97 NNW 3
19 Sep&47am 63 62 97 CALM
10 Sep&4z2zam 63 62 97 CALM
10 Sep&:22am 63 63 100 CALM
19 Sep&00am 63 &3 100 CALM
10 Sep5:4Tam 63 63 100 CALM
10 Sep 5:41am 63 &3 100 CALM
10 Sep5:26am 63 62 97 CALM
10 Seps20am 63 62 a7 CALM
10 Seps5:i2zam &3 &2 97 CALM
10 Sep 4:47 am 63 &1 93 CALM
19 Sep 3:47am 64 62 93 CALM
10 Sep2:47am 65 62 90 CALM
10 Sep 1:47am &5 62 o0 CALM
19 Sep 12:47 am 65 62 90  CALM
15 Sep 11:47 pm 66 63 o0 CALM
12 Sep 10:47 pm &7 63 87 CALM
18 Sep 0:47 pm 67 63 87 CALM
Temperature, Dew Point & Humidiry =
Click and drag in the plot 21 Reset zoom
90 100
S0
80
80 70
B0
70 50 =&
40
30
60 20
10
50 0
19. Sep 12:00 PM 20. Sep
(Click ro hide)
— Temperature = Dewpoint — Rel Humidity
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Load Shape Effect
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WHAT INFORMATION IS
NEEDED NEXT?
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Behind the Meter Solar Generation Data Needed

« Standing Data from Solar Site:
— Orientation of Panels
— Shading Information

* On-line measurements of well distributed PV Plants
— This should be physical only PV without load

« Additional Nice to Have: Historical power
measurements of PV plants

* This does not have to be every distributed PV
plant, but for forecasting the load their needs to be
enough well placed facilities to upscale the actual
generation appropriately.

&> California ISO



Demand Response Data Needed

Supply Resource
DER (SRDER)

(Distribution resources, including DR
bid into the market)

Load Modifying DER
(LMDER)

(Distribution resources, including DR,
that are outside of our market. This

Load Forecast
out:

Within 3 days of trade date,
provide aggregated 5 minute
load impact (Ex Post) for
each day. (SC Metered
entities provide metered data
at T+48B)

Visibility (Load
Forecast)

includes behind the meter resources

Need for gross and net load forecast with components broken

Actual Load = Gross Load — SRDER - LMDER.

On a monthly basis provide
the installed capacity broken
by technology.

On a daily basis provide next
day hourly (Ex Ante)
forecasted output for each
PNode broken by technology
type (i.e. solar, DR, Storage).

Within 3 days of trade date,
provide actual 5minute load
impact (Ex Post) in aggregate
for each day. If estimated
numbers are provided, true
up due XX days.

For weekends, use WECC trading schedule (i.e. provide data on Friday for Saturday,

Sunday and Monday).

&> California ISO
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Electric Vehicle (EV)/Battery Data Needed

* On-line measurements of well distributed EV/Battery
Information

— This should be physical only EV/Battery
generation/load information

« Additional Nice to Have: Historical power
measurements of EV/Battery Behaviors

« This does not have to be every distributed Electric
Vehicle and Battery, but there needs to be enough
well placed facilities to upscale the actual
generation/load and behaviors appropriately.
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Other Items for Consideration with Renewable
Forecasting

« Challenge of Factoring in Economic Dispatch into
Wind/Solar Forecast during real time intervals.

« Effects of Real Time Changing Conditions and the
latency effects of getting metered output.

— Renewable Forecast
— Distribution System Information
« Place for Probalistic (uncertainty) Forecasting
— Regulation Procurement
— Flexible Ramping Product
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THANK YOU

amotley@caiso.com
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